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THE SPORES OF DERMATOPHYTES' 


By ELEANOR SILVER DowpINc? 


Abstract 


The dermatophytes of Canada at present number eight well-established 
species. On the basis of the morphology of the macroconidium (agreed to be 
the most valuable taxonomic criterion for dermatophytes) it is suggested that 
Microsporum fuluum be re-established as a species, and that an Alberta strain 
of Trichophyton, previously described, be given species rank and the name 
T. Otae. Criteria for species identification other than spore morphology are 
evaluated. Spores of 7. gypseum are readily obtained on fertile hens’ eggs, 
oidia upon the living chorioallantoic membrane, macro- and microconidia upon 
the same tissue after death. Macroconidia are produced no more abundantly on 
the egg than on standard media. 


Definitions 


A hindrance to the understanding of papers on medical mycology for such 
readers as bacteriologists and dermatologists is the multiplicity of terms 
describing asexual spores. Definitions of some of these terms are therefore 
given below. 


1. Conidia, a general term for naked asexual spores. They are produced 
by the conidiophore successively, usually the oldest being uppermost, some- 
times the youngest being uppermost. The larger multicellular conidia of 
dermatophytes are termed macroconidia; the smaller unicellular ones, micro- 
conidia. In the older literature these are often called ‘‘fuseaux”’ and ‘‘aleurio- 
spores’’ respectively. 

2. Aleuriospores (aleuries). While. conidia are generally deciduous, i.e., 
they separate readily from the conidiophores, certain fungi produce non- 
deciduous conidia (aleuriospores) (19). The term is commonly used in 
describing dermatophytes, but is not yet commonly used by mycologists. 

3. Oidia (arthrospores). A hypha may become divided into short segments 
by septa, which are all formed simultaneously. These cells may simply 
separate at the septa, or else the contents of the cells may withdraw from the 
septa, round themselves off, form new walls around the ends of the proto- 
plasts, and become set free as spores by the dissolution of the intervening 
walls (3). 

4. Chlamydospores. Cells (terminal or intercalary) in a hypha may become 
larger than the width of the rest of the mycelium, and thick-walled. After 
the death of the rest of the mycelium the chlamydospores remain viable. 


1 Manuscript received May 8, 1944. 
Contribution from the Provincial Laboratory, University of Alberta, Edmonton, Alta. 
2 Mrs. E. S. Keeping, Medical Mycologist, University of Alberta. 
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When dermatophytes are growing. upon the skin of living animals they 
produce oidia, when they are growing upon dead organic matter they produce 
chiefly conidia (macroconidia, microconidia) (see Fig. 1). 


Fic. 1. Diagram of Trichophyton gypseum. A, in the skin, producing oidia; B, in 


culture medium, producing macroconidia and microconidia. 


I. Dermatophytes of Canada 


From Canadian sources the author has cultured eight well-established 
species. They are shown in the following chart. 


E1cHt CANADIAN DERMATOPHYTES 


Naturally infecting 
animals 


Not naturally infecting animals 


Animals can be 
experimentally 
infected 


Seldom if ever can 
animals be experi- 
mentally infected 


Mainly hair parasites 


Equally hair and skin 
parasites 


Skin parasites 


Microsporum lanosum 


Trichophyton gypseum 


T. crateriforme 
T. violaceum 


T. Schoenleini 
T. rubrum 


M. Audouini 


Epidermophyton 


floccosum 
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1. Microsporum lanosum Sab. Causing one-fifth of the scalp ringworm of 
children in Manitoba. In Montreal, reported to be still more common (4). 
So many samples of scalp hairs that were sent from Vancouver and from 
Seattle to the University of Alberta proved to be infected with M. lanosum 
that we judge that it is a particularly common parasite on the Pacific Coast. 
In Alberta it is rarer. 

2. Trichophyton gypseum Bodin. Causing about 70% of all the ringworm 
in central Alberta. In Winnipeg T. gypseum was found responsible for only 
8% of the fungous diseases, and in Vancouver, Dr. Cleveland has found no 
T. gypseum whatever. Burgess obtained T. gypseum at the Montreal General 
Hospital from only about 4% of the ringworm patients. From an equal 
number he isolated species of Trichophyton that might, by many mycologists, 
be considered synonymous. These would bring his total of T. gypseum cases to 
8%, a percentage still much smaller than that observed in Edmonton, Alta., 
in Philadelphia, or in New York. T7. gypseum infects the scalp, the beard, the 
feet, and other parts of the smooth skin, particularly the forearm and back 
of the hand (11). 

3. T. crateriforme Sab. One instance of scalp infection by this fungus was 
observed in Winnipeg. Reported also from Montreal. 


4. T.violaceum Sab. In Winnipeg found infecting the scalps of four children 
of one family, all European immigrants. Reported from Montreal. 


5. T. Schoenleini Lang and Mil. Isolated once in Winnipeg from chronic 
ringworm of the scalp. Reported from Montreal. 


6. T. rubrum Castellani. Isolated in Alberta from the groin. 


7. Microsporum Audouini Gruby. In Montreal in 1925 over one-quarter 
of the ringworm cases examined by Burgess (4) were due to M. Audouini. 
In Manitoba, 12 years ago, when fungi were grown from tissues of 50 mycotic 
patients, M. Audouini grew in half of the cultures. Although this fungus 
has become scarcer in Canada in the last’ few years,-all earlier investigators 
agree that it is by far the most common dermatophyte. It frequently pro- 
duces epidemics of ringworm of the scalp among children in schools and 
orphanages. In 1943 a thousand cases of scalp ringworm due to this fungus 
were reported in New York. 

8. Epidermophyton floccosum Lang and Mil. Isolated in Edmonton, 
Winnipeg, and Montreal from the inner surfaces of the thighs and flexor 
surfaces. 


It can be seen in the chart that the eight species of dermatophytes fall 
clinically into two groups (i) those naturally infecting animals (ii) those not - 
naturally infecting animals. It is of the utmost importance that the physician 
be able to distinguish these two groups, because scalp ringworm caused by 
the ‘‘animal”’ species will respond to local treatment while that caused by the 
“human” species calls for epilation. Yet, just as the collector of those fleshy 
fungi that grow in the field discovers that there is no simple rule that will 
guide him to distinguish between the edible and poisonous species, so the 
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physician learns that neither in the consulting room nor in the laboratory 
is there any one character that will prove an infallible guide in distinguishing 
the ‘‘animal”’ and “human” dermatophytes. Rather, by laborious study, and 
experience of each individual species, he must learn to recognize each one, 
or else work in collaboration with a laboratory of medical mycology. 


Dermatophytes have been classified on the basis of the spores (oidia and 
conidia), on the appearance of the infected human skin, and on the texture 
and colour of the cultures. 


II. Classification Based on the Morphology of the Spores 
Parasitic Spores 


The arrangement of oidia upon the infected human hair has proved to be 
a rapid and usually accurate means of classification of dermatophytes. 
Adamson (1) divides dermatophytes into three groups: (i) those that form 
a mosaic of small spores (oidia) outside the hair (the Microspora); (ii) those 
that form chains of large spores inside the hair (the endothrix Trichophyta); 
(iii) those that form chains of large spores outside the hair (the ectothrix 
Trichophyta). These characters separate groups or genera, but not species. 


Experiments described later show that the distinction between Microsporum 
and Trichophyton does not hold when the fungi are grown on fertile hens’ eggs. 


Catanei (5) has found that the distinction between the two groups of 
Trichophyta does not always hold when the fungi are grown on experimental 
animals. TJ. rubrum is a particularly variable species in this respect. 
Saprophytic Spores 

Emmons (15) considers that the most natural classification, and at the same 
time the one most consistent with Sabouraud’s original conception, is based 
upon the morphology of the saprophytic spores. The most important spores 
for this purpose are the macroconidia. The microconidia have less diagnostic 
value. The chlamydospores and other accessory organs such as spirals, 
antler-like hyphae, and nodular organs, are not specific. 


The following table gives the characters of the macroconidia and micro- 
conidia in the three genera. 


Microsporum Trichophyton Epidermophyton 
Macroconidia Abundant Scarce Abundant 
Spindle-shaped Club-shaped Oval or egg-shaped 
Thick-walled Thin-walled Thick-walled 
Microconidia ‘| Scarce in young cul- | Abundant in young | Absent 
tures cultures 
Usually elongate Usually spherical 
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Microsporum fuluum Sab. and other Microspora 


Conant’s classification of the genus Microsporum (7) is based chiefly on 
the morphology of the macroconidia. He limits the genus to three species: 
M. lanosum (M. canis), M. Audouini, and M. gypseum. 


Only the first two species have been isolated in Canada, but through the 
kindness of Dr. Conant and Dr. George Lewis, the writer has had an oppor- 
tunity of studying, at the Unrtiversity of Alberta, M. gypseum and other 
American isolates, including the strain previously known as M. fuloum. The 
results of these examinations convinced her that M. fulvum is quite distinct 
from the other species. 


The macroconidia of M. fuluum occur on conidiophores that branch at 
right angles, not acutely as do those of M. gypseum. In size they are inter- 
mediate between those of M. lanosum and M. gypseum. The spore walls are 
uniformly thin so that when germination occurs, the germ-tube frequently 
breaks through the lateral walls. In M. lanosum on the other hand, the 
outer walls of the median cells are so thick that when germination occurs the 
germ-tubes nearly always break through the two ends of the spores, and very 
seldom emerge through the thick lateral walls. The lateral walls of 
M. gypseum are much thinner even than those of M. fulvum so that they are 
frequently collapsed between the septa, giving the spore an irregular outline 
(Fig. 2, D). 

However, the most distinctive character of the macroconidia of M. fuluum 
is the considerable width of the basal cell. This feature separates it easily 
from M. gypseum, whose macroconidia taper towards the base. 


For the above reasons it is suggested that M. julvum is not merely a variant 
of M. gypseum but a separate species. 


Fig. 2, A, B, C, D, shows the macroconidia of the four species. 
Trichophyton Otae sp. nov. and other Trichophyta 


Unlike the Microspora, many species of Trichophyta produce no macro- 
conidia. A complete classification of the genus based upon the morphology 
of these spores is therefore impossible. Three Canadian Trichophyta have 
been isolated which under some conditions have produced macroconidia in 
limited quantities. The species are T. rubrum, T. gypseum, and a strain 
previously unnamed but illustrated and described as an isolate ‘‘derived from 
the beard hairs of Mr. F.” by Dowding and Orr (11). They maintained 
that this strain differed from T. gypseum, which it most closely resembled, in 
gross cultural appearance, hyphal-fusion behaviour (see end of Section III, 
below), and spore morphology. The macroconidia are smooth, clavate, thin- 
walled, few-celled, 30 to 40 X 10 to 15 yw, with central cell or cells tending to 
be spherical. 


It is now suggested that the strain derived from Mr. F. be given the name 
Trichophyton Otae. Probable synonyms are Ectotrichophyton Otae Dodge, 
and Sabouraudites ruber var. blanche Hashimoto, Inzawa, and Otae (10, p. 500). 
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Microsporum 


Trichophyton Epidermophyton 


> 


H 
C, M. fulouum; D, M. gypseum; E richophyton pet nly , T. gypseum; G, T. Otae; 

H, Epidermophyton floccosum. x 600. 


The macroconidia of T. rubrum (13, 22) T. gypseum, and T. Otae are 
described below. 


MACROCONIDIA OF THREE TRICHOPHYTA COMPARED 


T. rubrum T. gypseum T. Otae 
No. of cells 2-10 4-10 4-5 
Septa Faint Distinct Very conspicuous 
Size 60 X 6yu 40-75 X 7- 30 - 40 X 10-154 
Shape Long and slender Lang, _eentae in | Short and wide 
widt 
Smooth : Somewhat constricted at | Very constricted at septa 
septa 
Parallel sided Parallel sided to clavate 4 often with central 
or cells spherical 


Fig. 2, E, F, G, shows macroconidia of the three species. 
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Epidermophyton floccosum 

The genus Epidermophyton contains one species, E. floccosum. Macro- 
conidia of Canadian isolates resemble description given by Emmons (15) but 
additional observations were made from Alberta cultures. These are that 
the cell walls tend to be thickest in the regions of the septa (Fig. 2, H), and 
that the spores are often surmounted by a thickened apical cap. 


III. Evaluation of Classifications Based on Criteria other than 
Spore Morphology 

Clinical Criteria 

Clinically, dermatophytes have been divided into two classes (i) those 
producing marked inflammatory lesions (the “animal” species); (ii) those 
producing very little inflammation (the “human’”’ species). There are so 
many exceptions to this rule that it is not a reliable one on which the physician 
can depend. Microsporum lanosum (an ‘‘animal” species) may produce a 
type of scalp ringworm indistinguishable from M. Audouini (a “human” 
species) (12) while M. Audouini itself may be similarly variable. 


Trichophyton Schoenleini on the scalp usually produces characteristic 
scutula but it may give rise to a skin condition resembling seborrheic eczema 
(18). TT. rubrum on the glabrous skin usually produces small circular lesions 
that are a dull red throughout but it may produce large irregular lesions that 
are white at the periphery (18). Favus “‘godets’’, which are usually caused 
by Trichophyton Schoenleini, may be caused by T. violaceum or by M. gypseum. 


Burgess (4), in his survey of the ringworm fungi of Montreal, states: “The 
fact pointed out by Sabouraud and many other observers, that the same fungus 
may produce clinically different types of lesions in different persons, and 
further, that practically identical clinical lesions may be caused by different 
fungi, has been amply borne out by our observations here.” 


Epstein (16) showed that a classification of dermatophytes based only on 
clinical data, is not valid. He investigated two fungi that had previously 
been considered, on clinical grounds, to be different species. One was derived 
from a case of athletes’ foot. In Europe it is frequently known as Epidermo- 
phyton interdigitale because it grows on the glabrous skin. The other (Tricho- 
phyton gypseum ) was derived from beard ringworm. He concluded that they 
were both the same species. His reasons were: (i) they cannot be differen- 
tiated in culture; (ii) they cannot be differentiated by guinea-pig inoculations 
because they can both produce deep and superficial lesions of the skin and both 
produce the same pathological picture on the hair; (iii) both fungi produce 
hypersensitivity to trichophytin; (iv) in human volunteers it was found that 
T. gypseum derived frori beard hairs, when inoculated between the toes, 
produced foot ringworm. 

Similar conclusions concerning the variety of clinical types of ringworm due 
to Trichophyton gypseum have been reached by an investigation carried out in 
Alberta (11). 
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Gross Cultural Criteria 


On the basis of macroscopic cultural differences, Sabouraud (21) in his 
famous text book Les Teignes described 45 species of dermatophytes. 


When the study of dermatophytes became intensified following the publica- 
tion of Les Teignes, it became evident that each species is remarkably variable. 
Weidman (23) grewcultures ofa fungus taken from the same patient at different 
times and found that some of them were fluffy and some downy, that the colour 
also varied, and that some coloured cultures might produce colourless seg- 
ments. Emmons (14), cultivating four strains of dermatophytes, two of 
which were each derived from a single uninucleate spore, produced variants 
that were so strikingly different from the parent cultures that Sabouraud 


might perhaps have described them as different species had they come from 
different sources. 


Yet, speaking generally, species of dermatophytes may often be distin- 
guished by a glance at freshly isolated cultures when they are of the same 
age and grown upon standard medium. In dealing with Canadian species 
the following clues have been of value. 


1. RapipLy GRowING CULTUREs (sporulating in about 10 days) 


(a) Long coarse, white, aerial hyphae, young cultures colouring agar yellow.............. 
(b) White mycelium, becoming cream-coloured and powdery in the centre 


(c) White or pink, developing a purple-red pigment on the under side. ... . Trichophyton rubrum 


2. SLOWLY GROWING CULTURES 


(a) White, often radially grooved, with a short nap of aerial hyphae. Will not grow on 

(b) Greenish or greyish with irregular folding, and a velvety surface. Epidermophyton floccosum 
(c) Creamy white with velvety surface and depressed centre............ T. crateriforme 
(d) Pale yellow, convoluted, with a waxy surface.................-00000- T. Schoenleini 
(e) Deep purple, convoluted, often radially grooved...................4.. T. violaceum 


Hyphal Fusion Criteria 


This method (8) is based in the facts that for some dermatophytes (i) hyphae 
belonging to the same mycelium fuse readily with one another; (ii) when any 
two mycelia of different origin but of the same species are grown side by side, 
hyphal fusions are formed between hyphae of one mycelium and hyphae of 
the other; and (iii) no hyphal fusions are formed between mycelia of different 
species. A small inoculum from a culture of the unidentified species is paired 
with the inocula of various identified species in a series of Van Tieghem cells. 
At the end of about three weeks the cultures are examined with the microscope 
for hyphal fusions. Then it will be found that although there are many 
hyphal fusions in each culture, such fusions between two mycelia derived from 
different patients are present in one of the pairings but not in any of the others. 
From this result one may conclude that the species under investigation is 
identical with the one with which it forms hyphal fusions. 
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We have found that this method is unsuitable for slowly growing species 
such as Trichophyton Schoenleini or T. violaceum but it has proved useful for 


Microsporum lanosum, M. Audouini, Trichophyton gypseum, T. rubrum, and 
T. Otae. 


De Cisneros (9), testing the hyphal fusion method, found it unsuitable for 


a number of fungi, but suggested its use for Parendomyces asteroides and 
Microsporum fulvum. 


IV. Spores in the Fertile Hen’s Egg 


Goodpasture (17) has emphasized the advantages of the chick embryo as a 
medium for the cultivation of parasitic organisms. Moore (20) inoculated 
spore suspensions of four dermatophytes—Trichophyton gypseum, T. Schoen- 
leini, Microsporum lanosum, and Epidermophyton floccosum, into the chorio- 
allantoic membrane. The resulting fungus growth was chiefly in the parasitic 
phase although some conidia developed upon the eggs. 


In order to investigate further the types of spores produced upon the fertile 
egg, inoculation experiments were carried out at the Provincial Laboratory. 
Trichophyton gypseum was used except where otherwise stated. Sometimes 
an infected human hair or a mass of aerial mycelium from a culture was applied 
to a puncture in the chorioallantoic membrane. More usually, a heavy sus- 
pension of conidia in normal saline solution was injected into this membrane, 
following the technique of Brandly (2) except that the egg shell was punctured 
with sharp forceps instead of being cut with a dentist’s drill. For successful 
inoculation it was found necessary to use young, heavily sporulating cultures. 
Oidial Lesions 

Fertile eggs were incubated for 10 days and inoculated. By the end of the 
normal incubation period, most of the inoculated eggs contained living chicks 
ready to hatch, and also showed fungal infection. 


Usually a focal lesion developed underneath the inner shell membrane, near 
the site of inoculation. It puckered up the membrane in radial wrinkles 
and showed through it as a small white growth less than 8 mm. in diameter 
(Fig. 4). 

Sometimes many smaller lesions were disseminated over the whole surface 
of the membrane, particularly near the blood vessels. Inoculation of micro- 


conidia into the blood vessels was found to produce similar disseminated 
lesions. 


By microscopic examination either type of lesion was seen to be composed of 
a plate of mycelium, nearly all of which was converted into chains of oidia. 
The development of the parasitic phase upon the egg was far more extensive 
and rapid than that ever found upon infected animal hairs. 


When growing on the hair the genera Microsporum and Trichophyton are 
distinguished by the former showing a mosaic arrangement of oidia and the 
latter showing a linear arrangement. Hens’ eggs were infected with Micro- 
sporum lanosum in order to determine whether the difference in oidial arrange- 
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ment of the two genera held on the egg membrane. Masses of oidia of 
M. lanosum developed between the chorioallantoic membrane and the inner 
shell membrane. These were arranged in chains (Fig. 3), just as in Tricho- 
phyton gypseum. The two genera cannot be distinguished upon the living 
chorioallantoic membrane. 


Microconidial Lesions 

Some inoculated eggs were found to have died, either soon after inoculation 
or else about four days before the normal time of hatching. Most of the eggs 
were infected with Trichophyton gypseum, but here the mat of aerial mycelium 
was much more extensive, sometimes measuring 2} cm. in diameter and grown 


up into the air through the inner shell membrane (Fig. 5), with hyphae pene- 
trating deep into the extra-embryonic tissues. 


Microscopic examination showed that the mycelium was heavily covered 
with microconidia. A few macroconidia were found, but there were not 
any more of them than are present on Sabouraud’s medium. Oidia were 
absent. 

Inoculation experiments showed that the saprophytic growth of T. gypseum 
could not be obtained within infertile eggs. The dead chorioallantoic mem- 
brane of fertile eggs is, however, an excellent medium. The fungus grew 
about four times as rapidly on this tissue as it did upon Sabouraud’s medium 
at the same temperature. 


Mixed Lesions 


A few of the inoculated eggs had, approaching the normal time of hatching, 
developed an intermediate type of lesion. In some of the eggs the embryo 
was still living while in others it had recently died. 

The lesions were larger than the oidial lesions and more distinct. In some, 
the chorioallantoic membrane had been ruptured by the mycelium. 


Microscopic examination showed that the lesions were made up chiefly of 
oidia with some conidia. The oidia acted as conidiophores bearing the smaller 
conidia, which, when they were dispersed, left collars at their point of attach- 
ment to the oidium. 


The lesions composed of parasitic and saprophytic types of spores side by 
side would make a striking demonstration of dermatophyte spores for labor- 
atory students. 

Discussion 


In conclusion it may be stated that for the classification of dermatophytes, 
the morphology of the spore is of first importance. Taxonomic criteria other 
than spores, such as clinical and gross cultural appearances, and hyphal fusion 
behaviour, are of secondary importance. Yet for species that produce no 
spores of diagnostic value, they must serve as substitutes. Although the 
fertile egg may prove a valuable medium on which to demonstrate parasitic and 
saprophytic spores, for diagnostic purposes it has no advantages over standard 
media. 
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PLATE I 


Fics. 3 to 5. Dermatophytes upon the chorioallantoic membrane of the hen's .egg. 

Fie. 3. rors lanosum, oidia on the living membrane (Photo by Dr. E. H. Gowan, 

University of Alberta). Fic. 4. Upper left, coe gypseum lesion on the living 

; membrane; below, a tear in the membrane, retouched. 1G. 5. T. gypseum on the dead mem- 
brane. Magnification: Fig. 3, about 1000; Figs. 4 and 5, natural size. 
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